The time resolution capabilities of prototype microchannel plate and static crossedfield photomultipliers have been investigated. Measurements Fig. 1A . The static crossed-field photomultiplier utilizes static electric and magnetic fields to determine the electron trajectories between dynodes of the electron multiplier.10, 7 Schematic arrangement of the electrodes for a crossed-field photomultiplier is shown in Fig. 1B . The strong electric field between the dynodes and the field electrode results in short secondary electron transit times. Also the voltage difference between the successive dynodes is adjusted from the first to the last dynode so that the electrons impact with velocities in the range for a maximum secondary emission yield. The dynodes are arranged in steps to maintain field uniformity. With proper values of the electric and magnetic fields, the secondary electrons emitted from the center of one dynode are focused on the center of the following dynode. Consequently, the device provides a combination of optimum secondary emission yield per dynode and short overall transit time (and hence small transit-time spread). Since secondary electrons emitted at the same time and with the same velocity from a given dynode arrive at the same time at the next dynode, the transit time spread is due mainly to initial velocity effects.
Introduction
The time resolution capability of high speed photomultipliers has been the subject of intensive experimental and theretical investigations, and a comprehensive survey of the literature has been given by the authors. The time characteristics of these devices are becoming increasingly important in a multitude of research areas, such as: atomic and molecular subnanoscecond fluorescence decay time measurements,2, 4 nuclear research,5 optical ranging,6 optical communication, and photon statistic. 8 The photomultiplier time resolution capabilities are essentially determined by the random deviations in transit time of electrons travelling from the photocathode to the collector and in the possible spread of electron emission times.
The purpose of the work reported here has been to investigate time resolution of the LEP HR350 prototype photomultipliers having high-gain microchannel plates for electron multiplication where proximity focusing is used for the input and collector stages. Also, the resolution capability of the VPM-154/1.6L high speed static crossed-field photomultiplier has been investigated. The Fig. 1A . The static crossed-field photomultiplier utilizes static electric and magnetic fields to determine the electron trajectories between dynodes of the electron multiplier.10, 7 Schematic arrangement of the electrodes for a crossed-field photomultiplier is shown in Fig. 1B . The strong electric field between the dynodes and the field electrode results in short secondary electron transit times. Also the voltage difference between the successive dynodes is adjusted from the first to the last dynode so that the electrons impact with velocities in the range for a maximum secondary emission yield. The dynodes are arranged in steps to maintain field uniformity. With proper values of the electric and magnetic fields, the secondary electrons emitted from the center of one dynode are focused on the center of the following dynode. Consequently, the device provides a combination of optimum secondary emission yield per dynode and short overall transit time (and hence small transit-time spread). Since secondary electrons emitted at the same time and with the same velocity from a given dynode arrive at the same time at the next dynode, the transit time spread is due mainly to initial velocity effects.
Based on previous work,l, 11 further efforts have been made to measure time resolution capabilities of high gain curved microchannel plate and static crossed-field photomultipliers using a specially developed measuring system with high time-resolution capabilities.12
Measuring System Description The system used for measuring single and multiphotoelectron time resolution is shown in Fig. 1 It can be seen from a comparison of the data in Fig. 8 and 9 Fig. 11 .
The multiphotoelectron time resolution was measured using the system shown in Fig. 2 .
It is generally agreed that the variance, a2, of the photoelectron time spread of a photomultiplier is inversely proportional to the number of photoelectrons per pulse. This measurement was made using the mercury light pulse generator which was capable of producing thousands of photoelectrons per pulse from the photomultipliers. The number of photoelectrons per pulse was calculated by measuring the output pulse width and amplitude and using the known gain of the photomultipliers, for RCA 8850, C31024, LEP HR350 and VPM-154A/1.6L, for full photocathode illumination. Fig. 12 shows the time resolution as a function of the number of photoelectrons per pulse from one photoelectron up to 6000 photoelectrons. The 
